Organic farming represents an integral part of agriculture in Austria. The share of organic holdings and the share of area being organically farmed are already high relative to other countries within the European Union. So far, analyses of the organic sector have mainly focused on the economic output and the utilised area; less is known about absolute crop yields per hectare and the gap between organic and conventional crop yields. Given their relevance for profitability calculations and production strategies, such data is of major interest for farmers, advisors, and decision-makers. To address this lack of knowledge, we combine the Austrian farm accountancy data and Integrated Administration and Control System data for Austria. This paper presents a statistical analysis of organic crop yield data for the national Austrian territory as well as for regional categories and covers the period from 2003-2016. The results show a significant difference in crop yields: i) between organic and conventional farming systems; ii) between regional categories in Austria. Organic cereals achieve 35% lower average crop yields than conventional systems, yields for organic root and tuber crops were 27-49% lower. Yield gaps of oilseed and protein crops vary widely between respective crop species. 
Introduction
Over the past 25 years, organic farming systems have increased rapidly in Austria. Both the share of organic holdings in total holdings and the share of area organically farmed in total utilised agricultural area (UAA) are among the highest in the European Union (EU) and represent 19% and 22% respectively (EC, 2013; BMFLUW, 2017a) . In absolute terms, this equalled 20,820 organic farms and 463,256 ha of organic agricultural area (excluding alpine and mountainous regions) in 2016. The area of arable land amounts to 205,706 ha and grassland to 248,709 ha (BMFLUW, 2017b) . Most notable is the vast expansion of the organic arable land, which has tripled since the year 2000. The reason for this is the numerous conversions of arable farms. In particular, large cash crop farms switched from conventional to organic production systems. Organic farming systems might be more profitable due to contract farming and the area specific incentives of agri-environmental programs, along with other payments schemes of the CAP (Groier, 2013) . However, public discussion regarding the productivity of the organic crop production is increasing, given the relatively large proportion of organic farming in Austrian agriculture. In this context, the term productivity is wide-ranging, considering the multifunctional services provided by organic farming systems. Organic farming has been shown to have higher soil carbon stocks, efficient nutrient (N, P, K) utilisation, less nitrogen and phosphorus leaching and positive effects on species richness (Mäder et al., 2002; Mondelaers et al., 2009; Gattinger et al., 2012; Tuck et al., 2014; Herndl et al., 2016) . Although, often cited lower crop yields and the corresponding demand for additional arable land as well as the requirement to regenerate the fertility of land might reduce the effects mentioned above (Tuomisto et al., 2012; Gabriel, 2013; Noleppa, 2016) . From a socio-economic perspective, operating organic farms tend to be more labour-intensive. Contrarily, average agricultural incomes are higher for organic farms compared to conventional farms. This may result from higher producer prices and organic specific subsidy payments (Groier, 2016) , which depend on the operational structure and management form of organic and conventional farms compared (Schneeberger et al., 2005) . Hence, for economic and ecological reasons, we assume the harvested crop yields per area to be the central variable for the productivity of crop production. Several studies have been carried out to compare differences between organic and conventional crop yields, affirming organic crop yields to be lower. Two often-cited studies comparing the relative crop yield levels of organic and conventional farming are De Ponti et al. (2012) and Seufert et al. (2012) . These meta-analyses found organic crop yields to be 80% and 75% of conventional crop yields, respectively. In a long-term field trial, Mäder et al. (2002) also identified that mean organic crop yields are 20% lower (the field trial has been conducted by the Research Institute of Organic Agriculture (FIBL) Switzerland since 1978). A similar long-term field trial, conducted by FIBL Austria and the University of Life Sciences and Natural Resources, Vienna (BOKU), was established in Austria in 2003. For the rest of Europe, the level of organic cereal crops is estimated to be 60 to 70% of the conventional cereal crops (Mäder et al., 2002) . Owing to the high productivity of conventional farming, yield gaps in Germany and lowland England are typically even higher. A comparison of organic and conventional farms of the German farm accountancy data network indicated 53% lower crop yields for cereals, 56% lower for wheat and 42% lower for potatoes (Osterburg et al., 2013) . This is in line with the results published by Von Witzke and Noleppa (2013) , who reported organic crop yields to be 30 to 50% lower, and data analysed by Gabriel et al. (2013) for England. For Austria, previous studies mainly focused on the economic situation, the quantitative development of organic farms and the area under organic farming (see Schneeberger, 2005; Eder, 2006; Darnhofer, 2009; Groier 2013) . Data for organic crop yields has been published in the annual statistical report of the Austrian Federal Ministry of Agriculture, Forestry, Environment and Water Management, covering average crop yields of a small selected number of crop species between 2005 and 2010 (BMLFUW, 2011 . In addition, field trials all over the country focusing on organic crops are being carried out by the Austrian Chambers of Agriculture, FIBL Austria and BOKU, Vienna. Moreover, there will be annual statistics about organic crop yields throughout Austria from the year 2017 onwards, published by the Austrian Market Organisation and Paying Agency for Agriculture and Rural Development (AMA). Nevertheless, holistic data on organic crop yields independently of and in comparison with conventional crop yields is currently neither available at nationwide nor regional level. Agricultural advisors, farmers and decisions-makers depend on such organic crop yield data in order to increase the organic market transparency, select production strategies with high revenue efficiency and further develop the organic market sector. To counter this lack of information, this paper aims to establish a knowledge database on crop yield data of organic farming in Austria. We put the emphasis on the yield gaps between organic and conventional farming and further knowledge on nationwide crop yields per crop type (cereals, root and tuber crops, and oilseed and protein crops) and crop species (e.g., wheat, rye, potatoes). Additionally, comprehensive information about the crop yield differences between regional categories shall be provided. In section 2, we conduct statistical analyses of organic crop yield data and compare organic and conventional crop yields at the national level (Austria) and based on regional categories. Section 3 presents and discusses our results. We conclude with an interpretation of our findings and an outlook for future research.
Data and Methods
To analyse the crop yield data, we perform two independent analyses. First, we employ the classification of the arable land based on the eight major agricultural production areas in Austria (Hochalpen, Voralpen, Alpenostrand, Wald-and Mühlviertel, Kärntner Becken, Alpenvorland, Südöstliches Flach-and Hügelland, Nordöstliches Flachand Hügelland) . Secondly, we classify the arable land into climatic agricultural areas by grouping them into dry, occasionally dry and humid areas. We then calculate the average organic and conventional crop yields and apply statistical tests.
Data
We . For sugar beet, we use a different data source originating from the association of the Austrian sugar beet farmers. This data source delivers average crop yields based on the majority of Austrian sugar beet farmers. The data is not available for a further subdivision into regional categories. Sugar beet is therefore excluded from the two analyses of regional categories, since it is only available on a national level.
Regional and climatic specifications
Crop yields generally depend on factors such as the amounts of nutrients, water and sunlight absorbed, weed and pest pressure, and the crops' genetic potential (OECD, 2014) . These factors are highly contextual and may differ among natural land and site characteristics. The diverse topography and corresponding different agricultural preconditions make it necessary to further subdivide Austria into regions. First, a common classification of the Austrian agricultural landscape is its categorisation into major agricultural production areas. This classification is based on definitions by Schwackhöfer (1961) , Steden and Schmittner (1951) , and Wagner (1990a; 1990b) and takes into account natural land characteristics such as elevation and slope gradients as well as key characteristics of agricultural holdings, e.g., size and production activity (Binder and Pfingstner, 1988) . In a second step, we only consider climatic conditions, taking into account conditions with high relevance for the growth of crops. We classify climatic agricultural areas ( Figure 2 ) using the concept of the climatic water balance (CWB). The CWB describes the difference between precipitation and evapotranspiration (for a review, see Döring et al., 2011 ) of a specific region or area. Although, it does not include important input factors such as soil type, water storage capacity or surface runoff, the CWB is suitable for classifications of regions according to ecological criteria. We use the CWB because it takes into account the botanical requirements to a greater extent than a single parameter system (Harflinger and Knees, 1999) and represents an efficient and simple approach to characterise regions according to climatic conditions. The CWB-values used are provided by the Institute of Meteorology of the University of Natural Resources and Life Sciences Vienna (BOKU) at a municipality level for the period 2003 -2015 (Eitzinger and Formayer, 2016 . The climate data is derived from the data output generated by the weather prediction model INCA (see Haiden et al., 2011) which delivers climate data on a 1×1 km grid and is maintained by the Zentralanstalt für Meteorologie and Geodynamik (ZAMG) in Vienna. The calculation of CWB-values is performed at grid level by dividing the mean annual precipitation by the mean annual potential evapotranspiration (PET). If there is more than one CWB-value per municipality, the minimum value is considered valid, assuming that the arable land is situated on the low-lying lands of a municipality. Calculated CWB-values range between 0.53-2.73 for the area analysed. We classified the climatic areas into dry-, occasionally dry and humid areas in cooperation with BOKU (Formayer, 2016) and experts of the Austrian Chambers of Agriculture. As a result, we define the climatic agricultural areas with a CWB ≤ 0.75 as dry areas, CWB > 0.75-1.25 as occasionally dry and > 1.25 as humid areas.
Methodology
We calculate weighted average crop yields per crop species for each regional category in both regional classifications on an annual basis as well as for the period 2003-2016. Considering the potentially higher productivity of larger holdings, we weight average crop yields of crop species by the respective acreage per crop species and holding in the respective region. To derive crop yields at a national level, we extrapolate the weighted average crop yields per major agricultural production area. Therefore, we use the corresponding amount of hectares per crop species. Amounts of arable land in hectares are obtained from the Austrian IACS data set. For certain major agricultural production areas, crop yield data is sensitive due to data security. Sensitive data issues occur when there are no or less than three crop yields per major agricultural production area and crop species. In those cases, the yield of respective crop species is estimated by the mean organic to conventional yield ratio over all major agricultural production areas, multiplied by the conventional crop yield of the corresponding regional category. By aggregating the quantities of crop yields of the major agricultural production areas, we derive total amounts of crop yields for Austria. To obtain the crop yields per crop species at a national level, those amounts are divided by the aggregated total amount of hectares per crop species. We then compare the mean organic yields of several crops to conventional yields both at the national and the regional category level. We test the variations in annual crop yields, differences between average crop yields of regional categories and differences between organic and conventional crop yields. In addition, we analyse organic crop yield differences between regional categories and test for statistical significances. For this purpose, we perform the non-parametric Kruskal-Wallis test (a generalisation of the Mann-Whitney test), which is used for comparisons of more than two subgroups. This test ranks values of subgroups from the smallest (rank 1) to the largest value. The null hypothesis is that the compared groups have the same general distribution. So, if the medians of each group are equal, the values of each group should be similar (Sheskin, 2007; Johnson and Morgan, 2016) . The alternative hypothesis is that if the medians of the compared groups are different, the distribution of one group differs. The significance level equates to α = 0.05. We complete the test, using the software package EViews.
Results and Discussion
For each crop species, we compare organic and conventional crop yields. The comparison shows differences in yields per hectare (Table 1) . On average, organic cereal yields are 66% of conventional yields. Organic root and tuber crop yields show more divergence, amounting to 50.9-72.8% of conventional root and tuber crop yields. Some oilseed and protein crops, however, tend to give yields closer to the level of conventional ones. For example, soybean is the crop with the smallest yield gap in our observation, producing average relative crop yields of 93.4%. Overall, the organic crop yields examined show a high variation with standard deviations of between 33.8 and 60. We also observe organic crop species to have a higher relative variability of crop yields compared to conventional crop species (Figure 3) , with the exception of spelt and potatoes. Results of organic and conventional crop yields in absolute terms (dt/ha) can be found in Annex 1. Between regional categories, the results of our study confirm a significant difference in organic crop yields. This is true for both regional analyses, though it is not valid for every individual crop species. Moreover, the gaps between organic and conventional crop yields vary between regional categories (Annex 2 and Annex 3). The availability of crop yield data varies among the major agricultural production and climatic areas. In areas where arable agriculture is unfavourable, comparisons of organic to conventional crop yields are not feasible for every crop species due to the scarce number of recorded crop yields. Among the eight major agricultural production areas, our analysis reveals strong varying yield gaps between organic and conventional yields. Yet the organic crop yields show little variation of organic crop yields between those areas (see Annex 2 for specific information). We identified differences of organic crop yields between certain areas and crop species but not for crop types as such. For example, organic crop yields for cereals such as triticale and winter barley are significantly lower in the Nordöstliches Flach-and Hügel-land compared to other major agricultural production areas. Conversely, common wheat and rye show similar or higher crop yields in the Nordöstliches Flach-and Hügelland. Organic rye and potato yields are the highest in the production area Wald-and Mühlviertel. The organic corn yields calculated are similar in the major production areas Alpenvorland, Südöstliches Flach-and Hügelland and Nordöstliches Flach-and Hügelland. Higher organic corn yields in other areas might be biased by smaller sample sizes. Conventional crop yields vary considerably between production areas. This leads to substantially differing yield gaps between organic and conventional crops across production areas. For instance, the yield ratios of organic to conventional corn yields vary between 0.58 and 0.70. One explanation for the variance across production areas is the potential yield and water-limited yield levels: i) the potential yield level is defined as the yield level with nutrients and water non-limiting, and an effective control of pests, weed, diseases and lodging. Therefore, the potential yield is only influenced by radiation, CO 2 concentration and temperature (Evans and Fischer, 1999; van Ittersum et al., 2013) . The closer the conventional crop yields get to this level, the greater the yield gap between organic and conventional crop yields will be (De Ponti et al., 2012) ; ii) The water-limited yield is restricted by water supply, thus influenced by the water holding capacity and rooting depth of the respective soil (FAO and DWFI, 2015 between organic and conventional crop yields. In Austria, the production areas Nordöstliches Flach-and Hügelland and parts of the Wald-and Mühlviertel would be affected. In climatic agricultural areas, the crop yield differences between regional categories become more obvious. In dry areas, the yield gap of major field crops such as common wheat or corn is substantially smaller than in humid or occasionally dry areas (see Annex 3 and Figure 4 ). Throughout our study, we can find statistically significant differences in organic crop yields between climatically diverse agricultural areas. For example, organic oil pumpkins do have high relative yield levels compared to conventional oil pumpkin yields in occasionally dry areas (79%) and in dry areas (76%). Furthermore, organic soybeans perform far above relative average yields and even exceed the level of conventional yields in dry areas by 9% (Figure 4) , though results may be affected by small sample sizes. However, average organic rye, triticale and winter barley achieve respective highest crop yields in humid areas. Organic crop yields of rye and triticale are significantly higher compared to the occasionally dry areas and dry areas. The exception to this finding is that, not every individual crop species differs between the climatic agricultural areas. Overviews of all calculated crop yields are illustrated in Annex 3. For humid areas, crop species data with a small population should be considered carefully. Results might be affected by favourable local conditions in valleys of alpine areas and the various types of landscapes covered by humid areas. Generally, our results confirm that the yield gaps between organic and conventional crops are highly dependent on the location.
Limitations
The limitations of our analysis include challenges in sample sizes, limited detail of crop rotations, the use of onfarm data, and the knowledge held by those responsible for record keeping. Firstly, our analysis may be limited due to small sample sizes and highly variable sample sizes. This may lead to bias and a reduced accuracy of results, which could affect the reliability of calculated crop yields. Secondly, we do not account for the specific characteristics of organic crop rotations and their effects on estimated or- ganic crop yields. Next, we solely use on-farm data, which usually implies a lower level of accuracy regarding data recording and standardisation of farm operations. Therefore, an approach including on-station data could have increased the scope and depth of our analysis. Lastly, the heterogeneous level of knowledge and expertise of farmers may have an impact on cultivated crop yields.
Conclusion
Our analysis shows that for Austria relative organic crop yields are considerably lower than conventional ones. The yield gap between organic and conventional crop yields varies between crop species and regional categories. In some regional categories, the organic crop yields are almost at the level of conventional crop yields. Within crop types (cereals, root and tuber crops and oilseed and protein crops), there is a high variation of individual yield gaps; therefore, we cannot derive general assumptions for crop types. Nevertheless, the comparison of organic and conventional crop yields is controversial. This study does not compare organic and conventional farming systems by listing the advantageous and disadvantageous aspects of these farming systems. The comparison of individual crop yields is important for future production decisions, but does not compare organic with conventional farming systems based on various preconditions (e.g., ecological, economic and social aims). It would be useful to develop and extend our data set to give a broader and more accurate picture of the Austrian organic sector. Analysis of crop yield trends over time can depict different developments of organic and conventional crop yields. The interaction between reliable climate data and more accurate organic crop data could help the in-depth examination of significances and yield gaps between regional categories. Actual organic crop yields and the yield gap might be further affected if we take into account crop rotations. Our study, however, compares organic and conventional crop yields based on average crop yields per crop species. Profitability calculations and nationwide estimations of crop yields focus on crop rotations rather than individual crop yields. One explanation for this is that in organic agriculture, a considerable component of crop rotation is nonmarketable crops. Non-marketable crops or green manure are necessary to add nitrogen to the system (De Ponti et al., 2012) . Nonetheless, while fodder can be used for livestock and is exchanged for manure, at holdings without livestock, the cultivation of those crops presents a major challenge. If we account for the non-marketable area within a crop rotation, the crop yields may be even lower (Gabriel et al., 2013) . Consequently, we conducted a questionnaire focusing on the organic farm holders with arable land and without livestock. The survey aimed to develop a deeper insight into alfalfa and clover shares in crop rotations. The first results identified the share of alfalfa and clover to be 16% of the crop rotation on particular farms (Brückler et al., 2017) . These percentages have to be considered if crop yield data is used for profitability calculations or for upscaling of crop yields on a nationwide level. (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) 
